The analysis o f the 14N and 2D q u a d ru p o le interactions in the bis(glycinato)-C u(II) com plex in triglycine sulfate single crystals reveals the efficiency o f the E N D O R m ethod. In b o th cases the com plete q u a d ru p o le tensors are m easured and analyzed. T he 14N q u ad ru p o le couplings are explained using the T ow nes-D ailey a p p ro ac h to o btain the electronic pop u latio n n ear the n itro gens. U sing the well know n relatio n sh ip betw een the 2D couplings and the N -D bond lengths as well as the fact th a t the axis corresponding to the tensor com ponent o f largest m ag n itu d e lies along the N -D bond, the position o f the deuterons in this C u(II) com plex is estim ated.
Introduction
Nuclear quadrupole couplings can be determ ined by EPR, NM R, N QR, microwave and Mössbauer spectroscopy. For paramagnetic ions and free radicals in magnetically diluted solids, electron-nuclear double-resonance (ENDOR) can also be used. The analysis of ENDOR spectra is more complicated than that of NM R and N Q R spectra. The unpaired electrons produce a local magnetic field B\oc de pending on the hyperfine interaction and the elec tron spin quantum num ber Ms. The nuclear spins are quantized along the effective field, which is the vector sum o f the external field B and the local field Z?ioc-If the energy of the 2D and 14N nuclear spins in the effective field is larger than the quadrupole interaction energy, each of its EN D O R lines is split into 2 lines of equal intensities. The doublet split ting depending on the electron spin quantum num ber Ms permits one to determ ine accurately all elements o f the quadrupole coupling tensor [1] .
The detection of EN D O R signals is only possible if the NM R and EPR transitions o f the center under consideration are at least partially saturatable. Usually for transition metal complexes at room temperature the spin-lattice relaxation times are The higher sensitivity of EN D O R com pared to NMR and NQR is due to the fact that the spin tem perature of the nuclear pool is effectively coupled to that of the paramagnetic electron pool. Therefore, strong ENDOR signals are obtained if the magnetic hyperfine coupling A is larger com pared to the nuclear Zeeman energy g^ß^B. EN D O R investiga tions need single crystals of a few cubic millimeter, the investigation of powder samples is possible.
The quadrupole tensor elements are usually ob tained from the angular dependence o f the readily observable first order splitting zIvq.
14N and 2D Quadrupole Effects on the Cu(II)-bisglycinato-complex
EPR and ENDOR spectra of Cu(II) ions in aglycine, /-alanine and ferroelectric triglycine sulfate (TGS) single crystals perform ed by several authors [2 -4 ] reveal that in all crystals the Cu(II) ions form a planar Cu(II) complex with two nitrogens. Ligand ENDOR spectra of this complex in TG S crystals reveal the point symmetry C j, i.e. all ligand nuclei are magnetically inequivalent [5] .
The analysis of the 14N and 2D EN D O R spectra of these complexes yields the com plete electronnuclear magnetic dipole and electric quadrupole hyperfine interaction tensors. The l4N quadrupole couplings are a sensitive indicator of the total elec- tronic distribution around nitrogen whereas the 2D quadrupole couplings give the bond lengths and angles of the deuterons which enables one to esti mate their position in the Cu(gly)2 Complex.
The ENDOR spectra were analyzed with the following standard spin Ham iltonian:
The differences o f the principal values of the qua drupole tensors 0 Nl and ( ? N2 as well as 0 Dl((?D2) and QDs(QD4) are of the same order of magnitude as the experimental error. Therefore averaged tensor elements are used for the analysis.
147V ENDOR Spectra of TGS: Cu2+
The 14N ENDOR spectra of the Cu(gly)2 complex consist of four groups of lines which for the static magnetic Field perpendicular to the a ■ sin /?-axis show a doublet splitting with equal intensities. This doublet splitting is due to the magnetic nonequiv alency of the l4N nuclei.
The following tensor elements (in MHz) given in coordinate system x', y', z' are used for the electron population analysis proposed by Townes and Dailey For the construction of the hybridized orbitals we used a nonplanar geometry around the ligand nitro gen coordinated to the Cu(II) ion. The bond angles and distances are taken from X-ray data of the un doped TGS lattice and from EPR investigations and molecular orbital calculations on this complex [7, 8 ] ,
The populations of the hybridized orbitals as found are «Cu = 1.82 , «c = 1-45 , nHl= 1.39, «h2= 1 -6 0 , and the total nitrogen atom L-shell population Nj = 6.26 is obtained. The s/p ratio of the Cu orbital is rather sensitive to a change of the position of the plane spanned by H -N -H . Its numerical values is in agreement with that obtained from the magnetic nitrogen hyperfine splitting [1] .
2D ENDOR spectra of TGS: Cu2+
The :D END OR spectra of the Cu(gly) 2 about the same coupling constants and asymmetry parameters:
Reuveni [9] found the empirical relation This is confirmed by a calculation of the angular dependence of line positions and line intensities using the formalism of M uha [11] . In case of A % Ig^ß^B the frequencies of the transition with AMS > 0 show the same behaviour as known from the NQR spectra in case of Zeeman perturbation: the resonance lines are almost constant in the rota tion pattern but their intensities are strongly angular dependent.
Conclusion
Until now in publications on the analysis of the electronic structure and the position of ligand nuclei This research was performed in the Wissen schaftsbereich "Struktur der M aterie", Sektion Phy sik, Karl-Marx-Universität Leipzig.
